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and	 not	 limited	 to	 the	 central	 airways.	 Bronchial	 associated	 lymphoid	 tissue	 (BALT)	 hyperplasia	 and	
perivascular	lymphoplasmacytic	infiltrate	were	also	identified,	which	is	evidence	of	chronic	inflammation	
of	 the	 airways.	 These	 changes	 were	 consistent	 with	 the	 inflammatory	 symptoms	 of	 bronchial	 hyper-
reactivity	observed	which	are	similar	to	those	in	asthma	patients.	Vitamin	E	administration	resulted	in	
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INTRODUCTION
Asthma	 is	 a	 chronic	 inflammatory	 disease	
that	 affects	 the	 bronchial	 tree,	 characterized	 in	
functional	 terms	 by	 variable	 bronchial	 hyper	
reactivity	and	bronchoconstriction	associated	with	
airway	 inflammation	 and	 bronchial	 remodeling	
phenomena.	 Bronchial	 remodeling	 refers	 to	 the	
structural	 changes	 in	 the	 bronchial	 wall,	 which	
may	 include	 epithelial	 fragility	 (Dunnill	 et al., 
1969),	 goblet	 cell	 metaplasia	 (Naylor,	 1962;	
Tesfaigzi,	2008),	hypertrophy	of	the	muscle	layer	
(Ebina	 et al.,	 1990),	 and	 thickening	 of	 the	 basal	
membrane	due	 to	 the	deposition	of	 extracellular	
matrix	(Jeffery	et al.,	1989).
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Professional	 bronchial	 asthma	 is	 the	 most	
common	 occupational	 lung	 pathology.	 The	
mechanisms	involved	in	the	occurrence	of	bronchial	
asthma	are	not	well	defined.	Diisocyanates,	which	
are	 low	 molecular	 weight	 compounds,	 used	 in	
the	manufacture	of	polyurethanes	are	 frequently	
identified	 as	 a	 cause	 of	 occupational	 asthma	
(NIOSH,	1996).	The	most	important	diisocyanates	
currently	 used	 are	 toluene	 diisocyanate	 (TDI),	
diphenyl	methane	diisocyanate	and	hexamethylene	
diisocyanate,	(HDI).	
It	 has	 been	 estimated	 that	 about	 5-15%	 of	
workers	exposed	to	diisocyanates	develop	asthma	
(Redlich,	2002).	Asthma	induced	by	diisocyanates	
can	 be	 variable	 and	 difficult	 to	 distinguish	 from	
adult	 onset	 asthma	 due	 to	 other	 causes.	 After	
sensitization,	individuals	may	develop	immediate,	
late	or	dual	asthma	attacks,	thus	hindering	asthma	
control.	 Atopy	 is	 not	 a	 risk	 factor	 for	 isocyanate	
induced	 asthma,	 unlike	 other	 types.	 The	 disease	
can	 persist	 and	 evolve	 even	 after	 cessation	 of	
exposure	to	isocyanates.





have	 not	 been	 clarified	 in	 detail.	Murine	models	
of	 isocyanate	 induced	 asthma	 have	 been	 used	




asthma	 induced	 by	 diisocyanates,	 using	 Wistar	
rats	and	intranasal	application	of	TDI.	We	analysed	
the	 pathological	 changes	 in	 the	 lung	 caused	 by	




Wistar	 rats	 aged	8-10	weeks,	weighing	 200-
220	 g	 obtained	 from	University	 of	Medicine	 and	
Pharmacy	 (UMF)	 “Iuliu	 Hatieganu”	 Cluj,	 Biobase	
Cluj-Napoca	 were	 used	 for	 the	 experiment.	 The	
animals	 were	 housed	 at	 a	 constant	 temperature	
of	 25	 ±	 2	 °	 C,	 relative	 humidity	 of	 50-70%,	 and	
12	 hour	 light	 program.	 Standard	 food	 without	
antioxidants	 was	 used,	 and	 water	 was	 available	
ad	 libitum.	After	 one	week	of	 acclimation	 in	 our	
laboratory,	 the	 rats	 were	 randomized	 into	 four	
groups:	TDI	administration	(TDI),	administration	
of	 ethyl	 acetate	 (M),	 administration	of	 vitamin	E	




diisocyanate	 antigen	 (TDI)	 (Sigma	 -	 Aldrich).	










the	 second	 sensitization	 treatment,	 the	 rats	




TDI	 according	 to	 the	 same	 protocol.	 Bronchial	
hypersensitivity	symptoms	were	observed	for	one	
hour	after	the	causing.




in vivo	 is	 a	 useful	 immunological	 technique	 that	
can	 detect	 very	 small	 amounts	 of	 antibodies,	
as	 low	 as	 0.1	mg.	 To	 perform	 this	 test,	 we	 used	
serum	 from	 rats	 sensitized	 with	 TDI,	 collected	
prior	 to	 the	 causing.	 Animals	 were	 shaved	 on	
the	back	and	sides,	avoiding	skin	 lesions.	Shaved	
skin	 areas	 were	 selected	 and	 cleaned	with	 70%	
alcohol.	0.1	ml	of	serum	from	TDI	sensitized	rats	






were	 euthanized	 and	 the	 skin	was	 collected	 and	
turned	 to	 the	 inner	 face,	evaluating	 the	 intensity	
and	diameter	of	the	lesions.	Blue	spots	appeared	at	
the	intradermal	injection	site,	proportional	to	the	
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After	 observing	 the	 respiratory	 symptoms,	
rats	were	euthanized	by	intraperitoneal	adminis-
tration	of	sodium	pentobarbital.	
Histological analysis:	 After	 euthanasia,	 the	
trachea	 and	 left	 lung	 were	 removed	 and	 a	 10%	
buffered	 formalin	 solution	 was	 infused.	 Lung	
samples	were	collected	 from	the	studied	groups,	
respectively	 paramedian	 longitudinal	 sections	 of	
the	left	lung,	in	the	section	where	maximum	length	
could	 be	 obtained,	 perpendicular	 to	 the	 large	
bronchi.	 For	 the	 histopathological	 examination,	
tissues	were	 collected	 in	 10%	 buffered	 formalin	
solution,	 then	 processed	 by	 paraffin	 embedding	
technique	and	prepared	for	staining.
Histological	 analysis	 involved	 carrying	 out	
standard	 steps:	 fixation	 in	 10%	 formalin	 for	 24-
48	hours,	followed	by	shaping,	washing,	inclusion	
in	 paraffin,	 sectioning	 at	 a	 thickness	 of	 4μm,	
dewaxing,	 hydration	 in	 graded	 concentrations	 of	
ethanol,	followed	by	staining	(Nagy	et al., 2010).	






was	 performed	 using	 a	 calibrated	 Olympus	
image	 processing	 and	 analysis	 system:	 Olympus	





before	(Ahn	et al.,	2008;	Anjos-Afonso	et al., 2004;	
Hamelmann et al.,	 1997;	 Shin	 et al., 2009;	 Choi	
et al., 2006),	 which	 classifies	 lesions	 as	 follows:	
0	 -	 normal	 appearance,	 1	 -	 few	 cells,	 2	 -	 a	 ring	
consisting	 of	 a	 layer	 of	 inflammatory	 cells,	 3	 -	
inflammatory	cell	ring	thicker	than	4	cell	layers.
Quantification	of	 goblet	 cells	was	performed	
by	 counting	 positive	 PAS	 cells	 in	 the	 bronchial	
epithelium	 and	 reporting	 to	 the	 total	 number	 of	




Mann-Whitney	 U	 test	 for	 ordinal	 data	 analysis	
and	 independent	 t-test	 for	 normally	 distributed	
numerical	 data	 analysis.	 Statistical	 analysis	 was	
performed	using	the	Sofa	Statistics	program.
RESULTS AND DISCUSSIONS
Symptoms of bronchial hyper reactivity: After	
provoking	with	5%	TDI,	the	sensitized	rats	showed	
irritability,	 sneezing	 and	 nasal	 hypersecretion,	
more	 severe	 in	 the	 TDI	 group,	 compared	 to	 the	
TDI+E	 group.	 Shortness	 of	 breath	 similar	 to	
asthma	 was	 observed	 for	 10-20	 minutes	 post-
provoking	 in	TDI	and	TDI+E	groups.	The	control	
group	showed	no	respiratory	problems.
Passive cutaneous anaphylaxis: On	 the	 inner	
surface	 of	 the	 skin	 we	 identified	 a	 blue	 macula	
at	 the	 undiluted	 serum	 injection	 site,	 6/7	 mm	
in	 size.	When	 serum	was	 diluted	 1:3	 the	 papule	
had	 a	 diameter	 of	 <5	 mm	 and	 when	 the	 serum	
was	 diluted	 1:9,	 no	 papule	 have	 been	 identified.	
Passive	 cutaneous	 anaphylaxis	 test	 was	 positive	
for	 undiluted	 serum	 and	 thus	 has	 demonstrated	
the	 presence	 of	 anti-TDI	 IgE	 antibodies	 in	 the	
serum	of	rats	sensitized	with	TDI.
Histological analysis: In	TDI	and	TDI+E	group	
the	 main	 histological	 lesions	 found	 were	 the	
presence	of	a	massive	inflammatory	infiltrate	and	
severe	 goblet	 cell	 metaplasia	 in	 the	 respiratory	
epithelium.	 Exudative	 processes	 were	 located	 in	
the	peribronchiolar	layers	and	even	intraluminal.	
These	 changes	 were	 present	 in	 the	 majority	 of	
lung	 components,	 their	 intensity	 differing	 both	
from	one	area	to	another	and	from	one	component	
to	 another.	 There	 were	 no	 major	 pulmonary	
histoarchitectural	changes	in	the	control	groups	M	
and	M+E.	
In	 the	 TDI	 treated	 unprotected	 group	 (Fig.	 1	
A-E),	 we	 observed	 severe	 peribronchiolar	 mus-
cle	 hyperplasia,	 accompanied	 by	 the	 pre	sen	ce	 of	
a	 severe	 chronic	 peribronchiolar	 inflamma	tory	
infiltrate.	Inflammatory	infiltrate	was	pre	do	minantly	
composed	 of	 eosinophils	 and	 mo	no	nu	clear	 cells	
(mainly	lymphocytes	and	ma	cro	phages),	with	sparse	
neutrophils,	mast	cells	and	plasma	cells.	Sometimes	
inflammatory	 cells	 invaded	 the	 respiratory	
epithelium,	which	in	many	areas,	particularly	in	the	




and	 luminal	 reduction	 in	 affected	 bronchi.	 Also	
we	 obser	ved	 a	 peribronchial	 muscle	 hyperplasia	
with	 peribronhiolar	 alveolar	 emphysema	 foci,	
which,	 along	with	 the	presence	of	neutrophils	 and	
BALT	 hyperplasia	 represents	 pulmonary	 lesions	
characteristic	 for	 asthma.	 In	 some	 situations	 we	
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usually	 accompanied	 by	 peribronchiolar	 muscle	
hyperplasia.	 Also	 at	 this	 level	 we	 observed	 the	
presence	 of	 mode	rate	 to	 severe	 inflammatory	
infiltrate	 with	 peribronchiolar	 eosinophils	 and	
mononuclear	 cell	 invasion	 of	 submucosa	 and	
mucosa	 sometimes.	 Multifocal,	 in	 some	 sections,	
peribronchiolar	 emphysema	 were	 observed.	
Another	 change	 observed	 in	 the	 bronchioles	was	
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sequent	 mucus	 hypersecretion.	 Sometimes,	 the	





Regarding	 the	 microscopical	 changes	 in	 the	




a	 semiquantitative	 quantification	 of	 bronchiolar	
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inflammation	and	a	quantification	of	goblet	 cells	
in	the	bronchial	mucosa.




index	 in	 TDI	 +	 E	 group	 compared	 to	 TDI	 group,	
although	this	was	not	statistically	significant	(Fig.	4).
Evaluation of PAS positive goblet cells: The	per-
centage	of	PAS	positive	goblet	cells	was	significantly	




of	 goblet	 cells	 observed	 in	 the	 groups	 exposed	
to	TDI	was	less	severe	in	group	TDI	+	E,	and	this	
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In	our	study,	to	highlight	the	changes	involving	
IgE-mediated	 induction	 of	 bronchopulmonary	
lesions	we	used	the	passive	cutaneous	anaphylaxis	
(PCA)	test,	which	was	positive,	which	is	an	indirect	
argument	 for	 the	existence	of	anti	 -	TDI	 -specific	
IgE	 in	 serum.	 One	 limitation	 of	 our	 study	 is	 the	
absence	 of	 animal	 serum	 specific	 IgE	 assay,	
which	 was	 not	 possible	 for	 technical	 reasons.	
Quantitative	specific	IgE	dosage	would	allow	direct	
identification	 of	 specific	 IgE	 anti	 -	 TDI	 probably	
involved	in	TDI	-induced	lesions.
The	 majority	 of	 patients	 having	 isocyanates	
induced	 asthma	 have	 negative	 specific	 IgE	 anti-
diisocyanates.	 There	 is	 still	 no	 clear	 explanation,	
but	 two	 hypotheses	 have	 been	 proposed:	 asthma	
induced	 by	 diisocyanates	 is	 not	 an	 IgE	 -mediated	
disease	(Jones	et al., 2006)	or	the	current	tests	used	
for	 identification	 of	 specific	 IgE	 use	 inappropriate	







subjects,	 although	 the	 mechanisms	 involved	
are	 not	 fully	 clarified.	 Diisocyanates	 induced	
asthma	 is	 a	 disease	 with	 multiple	 components	
and	 individual	 variable	 clinical	 expression.	 One	
of	 the	 aspects	 of	 the	 disease	 is	 inflammation.	 In	
our	 case,	 eosinophilic	 infiltration	was	 important	
in	the	mid	bronchi,	and	not	limited	to	the	central	
airways.	 BALT	 hyperplasia	 and	 perivascular	
lymphoplasmacytic	infiltrate	were	also	identified,	
which	is	evidence	of	chronic	 inflammation	of	the	
airways.	 These	 changes	 were	 consistent	 with	
the	 inflammatory	 symptoms	 of	 bronchial	 hyper-
reactivity	observed	which	were	similar	to	asthma.
Previous	studies	have	shown	that	eosinophils	
from	 the	 peribronchial	 infiltrate	 are	 activated	
and	 secrete	 eosinophil	 cationic	 protein	 (ECP)	
and	 major	 basic	 protein	 (MBP).	 ECP	 and	 MBP	
Fig. 6. PAS	stain	for	mucus	secreting	cells.	TDI group:	hyperplasia	and	hypertrophy	of	goblet	cells	(PAS	
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are	 involved	 in	 inducing	 bronchoconstriction	
and	 airway	 responsiveness,	 essential	 features	
of	 asthma	 (Trauttmann	 et al.,	 2002;	 Zagai	 et al., 
2007;	Gundel	et al.,	1991).	
Regarding	BALT,	there	are	 large	 interspecific	
differences.	 BALT	 is	 absent	 in	 normal	 dogs,	 cats	
and	 Syrian	 hamsters	 (Brownstein	 et al., 1980;	
Pabst	 and	 Gehrke,	 1990).	 Rabbits	 usually	 have	
the	 most	 developed	 BALT,	 followed	 by	 rats,	
guinea	pigs	 and	mice	 (Pabst	 and	Gehrke,	 1990).	
In	humans,	BALT	is	not	normally	present	at	birth,	
but	 dvelops	with	 age,	 probably	 due	 to	 exposure	
to	 various	 environmental	 antigens,	 followed	 by	
a	 BALT	 regression	 phase;	 however	 BALT	 may	
recur	 in	 adults	 as	 a	 result	 of	 chronic	 antigenic	
stimulation	 (Tschernig	 and	 Pabst,	 2000).	 BALT	
is	 typically	 randomly	distributed	 throughout	 the	
respiratory	 tract	 but	 most	 commonly	 occurs	 in	
the	 bifurcation	 of	 the	 respiratory	 tree,	 usually	
located	 between	 an	 artery	 and	 bronchus.	 BALT	
hyperplasia,	 hyperplasia	 of	 the	 peribronchial	
smooth	muscle	layer,	presence	of	peribronchiolar	
eosinophilic	 infiltration	 and	 development	 of	
peribronhiolar	foci	of	pulmonary	emphysema	are	





Alteration	 of	 the	 basement	membrane,	 sub-
mu	co	sal	 edema	 and	 bronchial	 smooth	 muscle	
hypertrophy	 contributes	 to	 bronchoconstriction,	
which	 isa	characteristic	of	asthma.	 Identification	
of	 peribronchiolar	 foci	 of	 emphysema	 is	 an	
example	 of	 lung	 hyperinflation	 and	 a	 severity	
factor	for	asthma.
In	 the	 lungs	 of	 some	 animals	 from	 TDI	 and	
TDI+E	 group,	 chronic	 interstitial	 lesions	 we-
re	 observed,	 with	 mostly	 mononuclear	 and	
eosinophilic	 inflammatory	 infiltrate,	 similar	 to	
what	 was	 found	 in	 guinea	 pigs	 exposed	 to	 TDI	
(Yamada	et al., 1995).
A	 few	 lung	 sections	 from	 animals	 belonging	
to	 the	 TDI	 groups,	 we	 found	 vascular	 changes	
with	 passive	 congestion	 and	 hemosiderosis	 and	






Currently	 available	 data	 in	 the	 literature	 on	
the	effects	of	vitamin	E	on	the	respiratory	system,	
particularly	 on	 asthma	 and	 the	 immune	 system	
are	 contradictory.	 Diet	 appears	 to	 play	 a	 central	
role	 in	 the	 development	 of	 airway	 immunity,	
through	 genetic	 and	 epigenetic	 mechanisms	
(Jones	 et al., 2000;	 Bellanti	 et al., 2011).	 In	
murine	 models,	 vitamin	 E	 supplementation	 to	
mothers	 accelerated	 hypoplastic	 lung	 growth,	
increased	 complexity	 of	 the	 lung	 and	 air	 surface	
(Islam	 et al.,,	 1999).	 Vitamin	 E	 directly	 affects	 T	
lymphocytes	 by	 the	 inhibition	 of	 the	 expression	
of	 mRNA	 for	 interleukin-4	 (IL-4)	 to	 the	 T	 cells	
(Li-Weber	 et al.,	 2002).	 The	 interaction	 between	
the	antigen	and	the	 immune	system	seems	to	be	
influenced	 by	 Vitamin	 E	 through	 their	 action	 on	
the	T	cells	throgh	an	indirect	mechanism:	increase	





clearly	 identified.	 Positive	 results	 were	 reported	
in	 a	 meta-analysis	 (Nurmatov	 et al.,	 2011)	 that	
included	 three	 cohort	 studies:	 vitamin	 E	 intake	
during	 pregnancy	 in	 pregnant	 women	 has	 been	
associated	 with	 reduced	 risk	 of	 wheezing	 in	





assess	 the	 potential	 beneficial	 effects	 of	 vitamin	
E,	especially	in	people	who	have	asthma	induced	




In	 our	 experimental	 setup,	 administration	
of	 vitamin	 E	 resulted	 in	 a	 significant	 reduction	
in	 the	percentage	of	goblet	cells	 in	 the	bronchial	
mucosa.	We	also	observed	that	the	inflammatory	
semiquantitative	 score	 was	 decreased	 following	
Vitamin	 E	 administration,	 compared	 to	 the	 TDI	
group,	 but	without	 statistical	 significance.	 These	
data	suggest	that	administration	of	vitamin	E	could	
be	 beneficial	 in	 mitigating	 the	 negative	 effects	
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